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[57] ABSTRACT 
Crude liquid vinyl acetate comprising as the principal 
components, vinyl acetate, acetic acid, water, and 
ethyl acetate, is purified by introducing the liquid 
vinyl acetate into a single distillation zone, withdraw- 
ing an azeotropic mixture consisting essentially of 
vinyl acetate and water as the head product from said 
zone, separating said azeotropic mixture into a water 
phase and a vinyl acetate phase, recycling a sufficient 
quantity of said vinyl acetate phase to the top of said 
distillation, zone to cause removal, by means of said 
head product, of a major portion of the water origi- 
nally contained in the crude liquid vinyl acetate, with- 
drawing from the bottom of the zone acetic acid sub- 
stantially free of vinyl acetate and containing from 
aboout 0.5 to 6% by weight of water and some of the 
ethyl acetate initially present in said crude liquid vinyl 
acetate, and withdrawing a side stream comprising 
ethyl acetate, acetic acid, vinyl acetate, and water 
from said distillation zone at a point intermediate the 
eighth and sixteenth distillation trays in said zone. 

6 Claims, 2 Drawing Figures 
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PROCESS FOR THE Pl^toqAtlON OF CRUDE pressure in the presence of a catalyst. In addition, the 

LIQUID . VINYL ACETATE condensate contains varying quantities of ethyl acetate, 

This application is a continuationrinrpari of Ser. No. for example, from 500 to 5000 ppm, based on con- 

822,941, filed May 8, 1969, now abandoned. tained vinyl acetate. This reaction mixture condensate 

This invention relates to a process for the purification 5 is introduced as the crude feed stream into an azeo- 
of crude liquid vinyl acetate; more.specifically,: the in- tropic distillation column, so that all the vinyl acetate 
vention relates to the recovery of pure vinyl acetate present in the feed and a portion of the water present 
with a content of from 20 to 1000 ppm ethyl acetate in the feed, such portion corresponding to the quantity 

from crude liquid vinyl acetate. of water formed during the reaction, are removed over- 

A crude liquid vinyl acetate comprising, as the princii- 10 head; The reflux of vinyl acetate into the azeotropic 
pal components, vinyl acetate, acetic acid, and water distillation column is regulated in such a way that an 
and small quantities of ethyl acetate, is frequently ob- average quantity of water of from 0.5 to 6 percent by 
tained in processes for the production of vinyl acetate. weight is : maintained in the bottom product acetic acid 
A product such as this is obtained, for example, in the run-off. In general, a reflux ratio, based on the vinyl ac- 
production of vinyl acetate by reacting ethylene with 15 etate removed, of 3 to 8 is of advantage in this distiha- 
acetic acid and molecular oxygen in the gaseous phase. tion which contains about 60 to 70 trays. The acetic 
Elevated temperatures and normal or elevated pres- acid run-off from the sump of the azeotropic column 
sures are used in this process and the reaction is carried may contain, for example, from 0.05 to 1 .0 percent by 
out in the presence of a catalyst, for example, a noble weight of polymers formed, for example, by the poly- 
metal catalyst. The reaction products are cooled to 20 merization of vinyl acetate. 

temperatures around room temperature as they leave The vinyl acetate removed at the top of the distilla- 
the reactor. In this process, excess acetic acid is used tion column is separated from its mixture with water, 
and any unconverted acetic acid is recycled to the reac- which is also run off overhead. This vinyl acetate is sub- 
tor. Before it is recycled into the reactor, the acetic jected to a second distillation in which dissolved water 
acid is treated to remove the vinyl acetate, water and 25 and low boiling components, mainly acetaldehyde, are 
polymers present therein, the polymers having been azeotropically removed. The vinyl acetate obtained as 
formed by the polymerization of vinyl acetate, either a bottom product in this second distillation contains 
dunng the reaction or during working-up. small amounts of polymer and traces of acetic acid^ 
We have now found that crude liquid vinyl acetate which can be removed by redistillation, whereupon a 
which contains, as the additional components, acetic 30 pure vinyl acetate with an ethyl acetate content of from 
acid and Water, and as the principal impurity, small 20 to 1000 ppm is obtained. The head product from 
quantities of ethyl acetate, can be purified particularly said second distillation for the removal of low-boiling 
advantageously by the instant process. Essentially, the components still consists essentially of vinyl acetate. In 
instant process comprises subjecting the crude vinyl ac- yet another column, the vinyl acetate is recovered from 
etate to an azeotropic distillation in which the crude 35 this head product as the bottom fraction and is recycled 
vinyl acetate reaction product stream is introduced into to the start of the distillation sequence while the low 
a distillation column; an azeotropic mixture comprising boiling constituents accumulate as the head product of 
water and vinyl acetate in withdrawn from the top of the column and are removed from the process, 
the column as the head product and a mixture compris- In continuous operation the acetic acid, containing 
ing acetic acid, some of the ethyl acetate, and poly- 40 water which accumulates at the bottom of the principal 
meric material is withdrawn as the bottom product and azeotropic distillation column at a temperature of 
a side stream comprising ethyl acetate, water acetic 120°C, may be directly introduced into a pressure 
acid and vinyl acetate is withdrawn at a point interme- evaporator forming part of the reaction system. Evapo- 
diate the eight and sixteenth distillation trays of said _ ration is advantageously carried out in such a way that 
column. Vinyl acetate from the head product, which is 45 a previously heated stream of recirculating reactant gas 
condensed and in which the resulting phases are sepa r consisting essentially of ethylene is passed through the 
rated into a water phase and an organic (vinyl acetate) acetic acid which is kept hot by a recirculation evapo- 
phase, is recycled to the top of the reaction column in rator. In this way, evaporation may be carried out at 
such quantity mat ah acetic acid almost entirely free of relatively low temperatures of from 110° to 140°C, 
vinyl acetate, arid containing 0.5 to 6% percent of wa- 50 which is of considerable advantage in preventing corro- 
ter, the eventually formed polymers, is withdrawn from sion. 

u>e bottom of the column. The acetic acid obtained as The fresh acetic acid required for the reaction may 

the bottom product may be reused in the production of also be introduced into the pressure evaporator. It has 

vinyl acetate, and, for example, in continuous opera- proved advantageous to provide means that protect 

tion, may be directly recycled through an evaporator against spray, for example, a demister, in the upper part 

into the vinyl acetate reactor. The vinyl acetate in the of the evaporator containing the gases and the vapors, 

head product is almost entirely free of ethyl acetate al- and to introduce the fresh acetic acid into this demister 

most all of which is removed in side sfream. for washing, in order to prevent the polymers from 

In particular embodiment, the process according to ^ being entrained by the gas stream and introduced into 

the invention may be carried out as follows: the reactor. 

A reaction product condensate containing princi- Liquid acetic acid can. be run off from the sump of 

pally acetic acid (45 to 80 percent by weight), from 15 the evaporator in such a quantity that it has a polymer 

to 35 percent by weight of vinyl acetate and from 3 to content of from 1 to 5 percent by weight; that is to say, 

20 percent of water; is obtamed by cooling to 20° to 65 more than 90 percent of the water-cohtaining acetic 

40^ the reaction products from the reaction of ethyl- acid introduced into the evaporator can be evaporated 

ene, acetic acid arid molecular oxygen or air, carried This bottom product is worked up by distillation!, for 

out at elevated temperature and at normal or elevated example, in a falling-film evaporator. The concentrated 
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polymer accumulates as a residue and the acetic acid 
recovered is recycled into the process.. 

The bottom product from the pure vinyl acetate col- 
umn, which contains the polymers dissolved in the vinyl 
acetate and formed during; redistillation, may be 
worked up together with the polymerrcontaining 
stream from the reaction evaporator in the aforemen- 
tioned falling-film evaporator. However, the bottom 
product from the pure vinyl acetate column may also 
be introduced into the principal azeotropic distillation 
column and the vinyl acetate present therein thus re- 
covered as distillate. 

The organic products present in solution in the water 
obtained in the principal azeotropic distillation column 
may be distilled off therefrom and recycled into the pu- 
rification system, with the result that an affluent con- 
taining as its only impurity traces of acetic acid is dis- 
charged from the system. 

Before it is introduced into the principal azeotropic 
distillation column, the liquid vinyl acetate feed stream 
is suitably released to atmospheric pressure, and the 
dissolved gases liberated thereby may be suitably rein- 
troduced into the recycle reactant gas in a convenient 
manner. 

The small quantities of gases which remain in solu- 
tion in the liquid feed stream at atmospheric pressure 
flow off overhead during the azeotropic distillation and 
are separated from the condensed products in the con- 
denser. These gases may then be cooled to tempera- 
tures around 0°C, the cooling causing the condensation 
of acetaldehyde and other low-boiling components to- 
gether with vinyl acetate. This condensate is intro- 
duced into the above mentioned second distillation col- 
umn for separating the low boiling products. 
. It is also possible to separate the gases that have re- 
mained in solution in the reaction product condensate 
in a stripper before the feed stream is introduced into 
the azeotropic distillation column. 

In continuous operation of the process according to 
the invention, therefore, the acetic acid is not recycled 
into the production of vinyl acetate in the form of an 
acetic acid which is almost entirely free of water, as 
would be desirable in respect to the evaporation and 
condensation energy involved, but instead the recycled 
acetic acid has a water content between 0.5 to 6 per- 
cent e.g. from 1 to 3 percent. (The quantity of water to 
vinyl acetate effectively removed from the reaction 
product is, of course, constant because in any case the 
water newly formed during the reaction has to be re- 
moved.) This acetic acid may be recycled without fur- 
ther purification into the production of vinyl acetate 
through the pressure evaporator referred to above. 

A side stream rich in ethyl acetate is taken from the 
principal azeotropic distillation column. The ethyl ace- 
tate in such side stream can be separated by a subse- 
quent distillation from the acetic acid also contained in 
this side stream. 

.As already mentioned, the crude vinyl acetate which 
is to be worked up in accordance with the invention ac- 
cumulates, for example, in the production of vinyl ace- 
tate by the reaction of ethylene with acetic acid and ox- 
ygen in the gaseous phase at an elevated temperature 
ofv for ; example, from 50° to 300°C, .and at normal or 
elevated pressure of, for example, from 1 to 20 atmo- 
spheres or above, in the presence of catalysts. Noble 
metal catalysts on supports are normally used as the . 
catalysts. Particularly suitable noble metals include 
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those of the VTIIth Group of the Periodic Table, for ex- 
ample, palladium or; platinum; which may be present, 
for example, in quantities of from 0,5 to 10 grams, ad- 
vantageously from 1 to 5 grams, in a 1 liter bulk volume 

5 of the catalyst. The catalysts may contain further con- 
stituents such as, for example, gold, ruthenium, rho- 
dium, iridium,, copper, chromium, molybdenum, tung- 
sten, magnese, rhenium, iron, cobalt or nickel. In addi- 
tion, the catalysts may contain, for example, from I to 

10 20 percent by weight of acetates, for example, the ace- 
tates of lithium, sodium or potassium. It is also possible 
to start with other compounds of these alkali metals 
which are converted into alkali metal acetates under 
the reaction conditions. Furthermore, small quantities 

15 of alkali metla acetates may be added to the gaseous 
mixture entering the reactor in order to maintain the 
concentration of the alkali metal acetates in the reac- 
tion zone. Substances which do not lose of their me- 
chanical strength under the effect of the acetic acid 

20 under the reaction: conditions, represent particularly 
suitable catalyst supports. Silica, silicates, aluminum 
oxide and spinels of aluminum oxide, are suitable sup- 
ports. 

The invention is illustrated by the following examples 
25 with reference to the accompanying drawings in which: 
FIGS. 1 and 2 are flow sheets of two embodiments of 
the process according to the invention (FIG. 1 relates 
to Example I and FIG. 2 relates to Example 2 to 4). 

3Q EXAMPLE 1 

With reference to FIG. 1, the reaction of ethylene, 
oxygen and acetic acid to form vinyl acetate was car- 
ried out over a fixedly arranged noble metal catalyst on 
a support in a reactor 1 at a temperature of 1 85°C and 

35 a pressure of 8 atoms. 

On leaving the reactor 1, to which the oxygen was de- 
livered . directly through a. conduit la. and the acetic 
acid together with the ethylene was fed from the reac- 
tion evaporator 7 through \b y the reaction mixture 

40 leaving the reactor through 2 was cooled to 30°C 
(cooler and condenser not shown in the drawing) and 
transferred to a separator. 2a in which the condensed 
liquid components were separated from the compo- 
nents remaining in the gaseous phase. The gases are re- 

45 cycled into the process through 3. The condensate 
leaving the separator 2a through 3c was released to at- 
mospheric pressure in the separator 2b and delivered 
through a conduit 2c to the distillation column 4 for 
working up. The gases liberated during releasing were 

50 compressed (compressor not shown in the drawing) to 
the reaction pressure and were then also reintroduced 
through 3d into the reactor 1 via the evaporator 7. 

The product fed from the separator 2b to the distilla- 
tion column 4 has the following composition: . 

55 ' ' ' .•• 



60 





% by weight 


kg/h 


Ethylene 


. 0.19 


0.041 . 


Carbon dioxide 


0.49 


0.104 


Vinyl acetate 


-21.38- 


4.534 


Acetic acid 


... 70.85 


15.034 


" ' ;Watcr ; *'■ ' ' '' ' 


6.81 


1.443 


' Ethyl acetate : 


* 0.04 - 


0.008 


Acetaldehyde , 


: 0.23 . 


. 0.048 


Low-boiling constituents ' 


0 .01 


.0.002 




100.00 





65 . " '. ....... ' 

In the distillation column 4 the water newly formed 
during the reaction was removed as head product at 5 
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together with the vinyl acetate formed. The sump tem- 
perature was 125^, the head temperature . 7G°C and 
the reflux ration 1:5, 

The acetic acid to be re-used in the reaction was run 
off at 6 from the. sump of the column 4. It has the fol- 5 
lowing composition: 



% by weight kg/h 



Acetic acid 


97.64 


15.034 


Water 


1.98 ' 


0.305 


Polymers 


0.34 


• 0.053 


Ethyl acetate 


0 .04 


0.007 




100.00 





10 



15 



This acetic acid was delivered hot into the reaction 
evaporator 7 to which fresh acetic acid and ethylene 
were delivered through conduits la and 7b t respec- 
tively. In order to avoid an accumulation of polymers 
in the evaporator 7, a return stream of 1.851 kg/h was 20 
recycled through 8 to a falling-film evaporator 9. 1 .605 
kg/h of the acetic acid fed were recovered at 10 in this 
falling-film evaporator and reintroduced in the distilla- 
tion column 4 through 2c. The rest was rejected as pol- 
ymer at 11. 25 

The head product leaving the azeotropic distillation 
column 4 at 5 was separated into a lower aqueous 
phase and an upper organic phase in the separator 12. 
The organic phase in 12 was found by analysis to have 
the following composition: 3 q 

% by weight kg/h 



Vinly acetate 


98.29 


.4.274 


Water 


1.05 


0.046 


Ethyl acetate 


0.02 


0.001 


Acetaldehyde 


0.59 


0.026 


Low-boiling components 


0 .05 


0.002 




100.00 . 





recycled to the ? distillation column 4 through pipe 10. 

The lower aqueous phases in ! the separator 12 of the 
first column 4 and in the separator 15 of column 14 
contained, in addition to small quantities of other im- 
purities, approximately: 1% of vinyl acetate in solution. 
The water was introduced to column 23 via ,15a resp. 
12<i. All the volatile organic constituents were driven 
off via 24 by stripping in the column 23 so that from the 
process as a whole a waste water was obtained contain- 
ing as impurity only traces of acetic acid. This water is 
taken off through 25. 

The organic compounds taken out as overhead prod- 
uct from column 23 were recycled into the column 16 
via 24 in which all the low-boiling constituents were 
run off overhead and taken off via 18. 

The gases which, following release of the cold liquid 
reaction products, still remained dissolved in the liquid 
feed to the column 4 were liberated in the column 4. 
These gases escaped overhead from the phase separa- 
tor 12 via 12a. They were cooled to Q°C with brine in 
13a to isolate entrained acetaldehyde and vinyl acetate, 
and were then admixed with the remaining residual gas 
and recycled to the evaporator 7 via 26. (Brine in and 
out 28a, 286) 

The small quantities of liquid products which were 
condensed out at by the cooling in 13a were returned 
via 27 to the column 16 in which all low-boiling compo- 
nents were removed overhead via 18. (Most heat ex- 
changers, coolers, condensors, reboilere etc. not shown 
in the drawing. 29 is showing the take out of ethyl ace- 
tate as described in example 4. ) 

EXAMPLE 2 
With reference to FIG. 2, 2000 g/hour of a mixture 
35 with the following composition were introduced 
through pipe 30 at the 30th tray of a 60-tray laboratory 
bubble-tray column of glass (31;): 



This upper phase (crude vinyl acetate) was intro- 
duced into another column 14 through 13 in order to 
remove more water and to separate all the low-boiling 
components. The overhead product was introduced in 
a decanter 15. The upper phase in the separator 15 
contained about 10% acetaldehyde, the rest consisted 
essentially of vinyl acetate. The lower aqueous phase in 
separator 15 was fed to the column 23 via 15a, to be 
mentioned. 

The upper phase of the head product in separator 15 
was fed to column 16 via ISb. The vinyl acetate ob- 
tained as a tail product at the bottom of 16 was recy- 
cled into the distillation column 14 via 17. The low- 
boiling components were run off overhead and re- 
moved from the process through 18. 

The vinyl acetate obtained as a tail product in the 
column 14 was now dry and free from' all low-boiling 
products, but still contained small quantities of acetic 
acid and polymers. These compounds were removed by 
redistillation in the column 20 to which the product 
was fed through 19. The vinyl acetate obtained as the 
finished product was condensed at 21 and taken off 
through 21a. It satisfied all specifications. It has an 
ethyl acetate content of at the most 0.02 %. 

The tail product from the vinyl acetate redistillation 
20 was also passed through the falling-film evaporator 
9 via 22 in order to recover from the polymer- 
containing product the vinyl acetate present which was 



40 



Vinyl acetate 
Ethyl acetate 
Water 
Acetic acid 



15.98% by weight 
0.02% by weight 
6.00% by weight 

78.00% by weight 



The head product through 33 was condensed (32) 
45 cooled to 40°C (32), and transferred through 38 to a 
phase separator (34). 2400 g/hour of the vinyl acetate 
phase were pumped as recycle components through 35 
to the head of the column, the rest being removed as 
crude vinyl acetate through 36. Its concentration was 
50 as follows: ':>■-.' 



55 



Vinyl acetate 
Ethyl acetate 
Water 



98.59%. by weight 
0.01% by weight 
1.40% by weight 



The tail product of the column through 37 had the 
following composition: 



60 



Vinyl acetate 
Ethyl acetate 
Water 
Acetic acid 



0.01% by weight 
0.02% by weight 
, 2.00% by weight 
97.97% by weight 



65 



2000 g/hpur of a mixture with an. ethyl acetate con- 
tent three times greater! than that of the mixture of Ex- 
ample 2 were introduced through 30 (drawing 2) into 
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a test column (31) of the kind described in Example 2. 
The mixture had the following composition: ! 



Vinyl acetate 
Ethyl acetate 
. Water 
Acetic acid 



. 15.94% by. weight 
0.06% by weight 
6,00% by weight 
78.00% by.weight 



After the head product through 31 had been con- 
densed (32) and cooled, 2200 g/hour of the vinyl ace- 
tate phase were pumped through 35 as a recycle com- 
ponent from the separator to the head of the column. 
The crude vinyl acetate at the head of the column 
through 36 then contained: 



15 



Vinyl acetate 
Ethyl, acetate 
Water 



98.55% by weight 
0.05% by weight 
1.40% by weight 



In this test, the tail product through 37 had the fol- 
lowing composition: 



Vinyl acetate 
Ethyl acetate 
Water 
Acetic, acid 



0.02% by weight 
0.06% by weight 
2.75% by weight 
97.17% by weight 



25 



EXAMPLE 4 

Under the same feed conditions as in Example 3, 14 
g/hour of a liquid side stream through 39 of the follow- 30 
ing composition were run off from the 15th tray of the 
test column: 



Vinyl acetate 
Ethyl acetate 
Water 
Acetic acid 



1 .0% by weight 
5.0% by weight 
11.0% by weight 
83.0% by weight 



35 



With this procedure, the crude vinyl acetate at the 
head of the column through 36 contained: 40 



Vinyl acetate 
Ethyl acetate 
Water 



98.58% by weight 
0.02% by weight 
1 .40% by weight 



The sump product through 37 had the following com- 
position: 



Vinyl acetate 
Ethyl acetate 
Water 
Acetic acid 



0.02% by weight 
0.03% by weight 
2.00% by weight 
97.96% by weight 



45 



50 



The side stream was then delivered to a second col- 
umn (40) in which the vinyl acetate and ethyl acetate 55 
present in it were distilled overhead as an azeotropic 
fraction (41) together with the water. The acetic acid 
(42) which was run off from the sump of this column 
was added to the sump product from the First column. 
The combined product went through 43. 



EXAMPLE 5 



8 



rator were used as the recycle component as in Exam- 
ple 3. In this test, the quantities in which the head and 
tail products were removed from the column were ad- 
justed in such a way that a fairly large quantity of vinyl 
acetate was removed with the acetic acid from the 
sump. 

In this procedure, the composition of the vinyl ace- 
tate at the head of the column was as follows: 



10 



Vinyl acetate 
Ethyl acetate 
Water 



98.57% by weight 
0.03% by weight 
1 .40% by weight 



The concentration of the bottom product was as fol- 
lows: 



20 



Vinyl acetate 
Ethyl acetate 
Water 
Acetic acid 



2.00% by weight 
0.07% by weight 
2.50% by weight 
95.43% by weight 



60 



2000 g/hour of the same mixture as used in Examples 
1, 3 and 4 were introduced at the 30th tray of a 60-tray 
test column. 65 

2200 g/hour of the vinyl acetate phase from the se pa- 



It will be understood that the above description of 
specific embodiments of this invention is given by way 
of illustration and that other embodiments utilizing this 
invention will be apparent to the worker skilled in the 
art. 

What is claimed is: 

1. A process for the purification of crude liquid vinyl 
acetate containing, as the major impurities, acetic acid, 
water and small amounts of ethyl acetate, which pro- 
cess comprises introducing said crude liquid vinyl ace- 
tate into a single distillation, withdrawing an azeotropic 
mixture consisting essentially of vinyl acetate and water 
as the head product from said zone, separating said aze- 
otropic mixture into a water phase and a vinyl acetate 
phase, recycling a sufficient quantity of said vinyl ace- 
tate phase to the top of said distillation zone to cause 
removal, by means of said head product, of a major 
portion of the water originally contained in the crude 
liquid vinyl acetate, withdrawing from the bottom of 
the zone acetic acid substantially free of vinyl acetate 
and containing from about 0.5 to 6 percent by weight 
of water and some of the ethyl acetate initially present 
in said crude liquid vinyl acetate, and withdrawing a 
side stream comprising ethyl acetate, acetic acid, vinyl 
acetate, and water from said distillation zone at a point 
intermediate the eighth and sixteenth distillation trays 
in said zone. 

2. Process as claimed in claim 1 wherein the said 
acetic acid withdrawn from the bottom of the zone con- 
tains from about 1 to 6 percent by weight of water. 

3. Process as claimed in claim 1 wherein the said 
acetic acid withdrawn from the bottom of the zone con- 
tains from about 2 to 6 percent by weight of water. 

4. Process as claimed in claim 1 wherein said zone 
comprises about 60 to 70 distillation trays. 

5. Process as claimed in claim 1 wherein said side 
stream is distilled to substantially remove the ethyl ace- 
tate and the vinyl acetate therefrom as overhead prod- 
uct from the acetic acid. 

6. Process as claimed in claim 1 wherein the acetic 
acid withdrawn from the bottom of said zone is recy- 
cled to a reaction system wherein vinyl acetate is pro- 
duced by reacting ethylene acetic acid and oxygen. 
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